The restriction of immunoglobulin (Ig) expression to B lymphocytes is well established. However, several reports have confirmed that the Ig gene can be expressed in many non-B cancer cells and/or some normal cells. Our aim is to determine whether the Ig gene promoter can be activated in non-B cancer cells and to identify the regulatory mechanism for Ig gene expression. Our results show that the Ig promoter of VH4-59 was activated in several non-B cancer cell lines. Moreover, two novel positive regulatory elements, an enhancer-like element at 2800 to 2610 bp and a copromoter-like element at 2610 to 2300 bp, were identified in two epithelial cancer cell lines, HeLa S3 and HT-29. The octamer element (59-ATGCAAAT-39) located in the Ig promoter, a crucial element for B-cell-derived Ig gene transcription, was also very important for non-B-cell-derived Ig gene transcription. More importantly, we confirmed that octamer-related protein-1 (Oct-1), but not Oct-2, was a crucial transcriptional factor for Ig gene transcription due to its ability to bind to the octamer element of the Ig promoter in epithelial cancer cells. These results suggested the presence of a distinct regulatory mechanism for Ig gene expression in non-B cancer cells.
INTRODUCTION
It was thought that immunoglobulin (Ig) genes are selectively expressed in B lymphocytes, and the promoters for the variable region are normally inactivated in non-B cells. 1 However, in 1989, we unexpectedly found immunoglobulin G (IgG)-like immunostaining in breast cancer cells. Furthermore, we have found that both IgG and rearranged Ig gene transcripts exist in some epithelial cancer cells. 2, 3 Since then, we have demonstrated that many non-B human cancer cells and some normal cells can produce Ig. [4] [5] [6] [7] [8] [9] These findings have been confirmed by other laboratories as well. [10] [11] [12] [13] [14] [15] [16] [17] IgH and Igk loci are sequentially activated during B-lymphocyte maturation by multiple lymphocyte-specific transcription factors, including the E box protein E2A, early B-cell factor (EBF), paired box 5 (Pax5), octamer-related protein-1 (Oct-1), Oct-2 and Bob-1. Generation of the earliest B-cell progenitors depends on E2A and EBF, which coordinately activate B-cell gene expression and IgH gene rearrangement at the onset of B-cell lymphopoiesis. In E2A-or EBFdeficient mice, Ig gene rearrangement is lacking. [18] [19] [20] The Pax5 transcription factor is specifically expressed by B cells and is essential for Ig rearrangement, Ig class switching and pre-B-cell-receptor signaling. 21, 22 Oct-1, Oct-2 and Bob-1 coordinately drive Ig gene transcription by binding to the Ig promoters and enhancers. Oct-2 and Bob-1 are mature B-cell-specific transcription factors, whereas Oct-1 is expressed during the early development of B cells and other types of cell. 23, 24 The aforementioned specific transcription factors regulate orderly Ig gene rearrangement and transcription in B cells through site-specific Ig gene regulators.
Key cis-regulators of B-cell-specific expression of IgH genes are VH promoters, Ig region promoters located upstream of each constant region gene, and two sets of enhancers (the intronic enhancer [Em] located in the J H -Cm intron and a complex regulatory region that lies 39 of the IgH gene locus [39 RR] ). 25 Although the Ig heavy-and lightchain enhancers contain binding sites for numerous different classes of transcription factors, Ig gene variable region promoters seem to be less complex and predominantly contain a motif termed the octamer element (59-ATGCAAAT-39), which is located 10-25 nucleotides upstream of the TATA box. The canonical octamer or its reverse complement is conserved in all Ig heavy-and light-chain variable region promoters. 26 The highly conserved octamer element plays a crucial role in promoting Ig gene transcription in B cells. The importance of this element in mediating Ig transcription has been demonstrated with the use of transgenic mice. A point mutation in the octamer region reduced expression of an Ig transgene to 5% of its normal level. 27 The activity of Ig gene promoters is directly regulated by two related transcription factors, Oct-1 and Oct-2, which bind to the same sequence within the octamer element. Oct-1 and Oct-2 are differentially expressed in vivo. Oct-2 is specifically expressed in B lymphocytes and has been implicated in the control of mature Blymphocyte-specific Ig gene expression. By contrast, Oct-1 may be a critical regulator of Ig gene transcription during the early development of B cells. Oct-1 can also bind and regulate the promoter of Iga, a component of the B-cell receptor on the B-cell surface. However, Oct-1 is a ubiquitous transcription factor that has been implicated in the control of non-immune-associated gene expression by all cell types, such as the histone H2B gene and the genes for snRNA, U2 and U6. [28] [29] [30] [31] Although the regulatory mechanism of Ig transcription in B cells is well known, it is not yet clear how the non-B-cell-derived Ig transcription is controlled and whether the regulatory mechanism is equivalent to that of B-cell-derived Ig. In this study, we first tested whether the transcription factors associated with B-lymphocyte-specific Ig gene expression were expressed in several non-B cancer cell lines. We then explored whether the Ig VH promoter could indeed drive Ig expression in these non-B cancer cell lines and whether the regulatory mechanism of the VH promoter for non-B-cell-derived Ig gene transcription is similar to that of B cells. Our results clearly showed that the genes involved in variable, diversity and joining (VDJ) recombination and transcription, E2A, EBF, Oct-1 and Oct-2, but not Pax5, were expressed in the non-B cancer cells. We further cloned the 59-upstream fragment of VH4-59 containing IgH promoter and found the promoter activity of VH4-59 in 6 of the 10 cancer cell lines. Using a series of 59-truncated reporter constructs, we found two novel positive regulatory elements in epithelial cancer cell lines, but not in the Daudi cell line used as a positive control. Additionally, we confirmed that Oct-1, but not Oct-2, is a crucial transcriptional factor for Ig gene transcription in non-B cells because of its ability to bind to the octamer element on the Ig gene promoter.
RESULTS
Transcription factors related to Ig gene expression are detected in non-B cancer cell lines To elucidate whether the Ig gene promoter can be expressed in non-B cancer cells, we tested whether Ig gene expression-related transcription factors were expressed in several non-B cancer cell lines. Our results showed that the transcription factors E2A and Oct-1 were widely expressed in all of the cancer cell lines assessed. EBF and Oct-2, the B-cell-specific transcription factors, were expressed in a few of the non-B cell lines assessed. However, Pax5 was not detected in any of the non-B cancer cell lines assessed (Figure 1 ).
The 59-flanking sequence of VH4-59 has promoter activity in non-B cancer cell lines We amplified and identified a 1.2-kb 59-flanking sequence of the Ig VH4-59 gene from HeLa S3 cells and cloned it into a firefly luciferase expression vector, pGL3-basic. We then tested the promoter activity of the 1.2-kb 59-flanking sequence of Ig VH4-59 by a transient transfection assay. The 59-flanking sequence of VH4-59 yielded higher promoter activity in six cell lines (HeLa, HeLa MR, HeLa S3, HT-29, U2OS and Daudi) than that of the pGL3 control and even higher activity in the above six cell lines than that of the Simian Virus 40 (SV40) promoter, which has a high activity in the mammalian cell lines (Figure 2a) . No promoter activity was detected in A549, HepG2, SW480 or Jurkat cell lines (Figure 2b) .
To further define the regulatory elements in the VH4-59 promoter, a series of deletions of the 1.2-kb fragment containing the VH4-59 promoter were generated by PCR amplification (Figure 2c ). The promoter activities of the various deletions were tested as described above. Among all of the deletion constructs containing the complete promoter region, the strongest promoter activity was observed with both the 2800-and 2940-bp fragments. This promoter activity was stronger than that of the 2610-bp fragment (1.8 times stronger in the HeLa S3 cell line and 1.7 times stronger in the HT-29 cell line) or that of the 2300-bp fragment (3.1 times stronger in the HeLa S3 cell line and 7.3 times stronger in the HT-29 cell line) (Figure 2d ). In the Daudi cell line, all of the deletions showed the same level of promoter activity, whereas in the Jurkat cell line, no promoter activity was detected (Figure 2d) . Thus, the two novel regulatory elements (2800 to 2610 bp and 2610 to 2300 bp) on the 59-flanking sequence of Ig VH4-5959 are utilized in cancer cells.
The octamer element is crucial for non-B-cell-derived Ig gene transcription in HeLa S3 and HT-29 cell lines To identify the role of the octamer element located in the promoter region of the Ig VH4-59 gene in cancer cells, the deletion constructs above were mutated by deleting the four base pairs in the middle of the octamer motif (Figure 3a) . Our results show that the 2300-bp mutant lacking the intact octamer site had no activity in HeLa S3, HT-29 or Daudi cells. Of interest, the 2610-and 2800-bp mutants lacking the intact octamer motif showed promoter activity in HeLa S3 and HT-29 cells, although the promoter-like activity was much lower than that with the wild-type octamer motif. In contrast, neither the 2610-bp nor the 2800-bp mutant showed any activity in Daudi cells (Figure 3b ). These results suggested that, similar to B cells, the octamer motif is an important transcriptional element for Ig gene transcription in non-B cancer cells. Furthermore, we found another novel promoter-like element with lower promoter activity at 2610 to 2300 bp in the two cancer cell lines assessed, but not in B-lymphoma cells.
Oct-1, but not Oct-2, regulates Ig VH4-59 promoter activity and induces IgG gene expression Oct-1, but not Oct-2, can bind the octamer element on electrophoretic mobility shift assay (EMSA) and gel supershift assay. We performed an EMSA to evaluate the binding of transcriptional factors to the octamer element of the Ig VH4-59 gene in non-B cancer cells. Double-stranded, 41-bp oligonucleotides containing the octamer motif and corresponding to nucleotides 2130 to 289 interacted with nuclear protein fractions from HeLa S3 cells (Figure 4a ). Binding of the 41-bp probe with HeLa S3 nuclear protein fractions was inhibited significantly by an 
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XH Zhu et al 280 excess (125-fold) of unlabeled 41-bp probe and to a lesser extent by the double-stranded, 33-bp oligonucleotides without the octamer motif, which were used as a negative control. Antibodies directed against Oct-1 strongly supershifted the binding complex of HeLa S3 nuclear proteins, whereas anti-Oct-2 antibody did not significantly impair the binding interaction (Figure 4b ). These results indicate that Oct-1 interacts with the Ig VH4-59 promoter via the octamer element in HeLa S3 cells.
Oct-1 binds the VH4-59 promoter in vivo as assessed by chromatin immunoprecipitation (ChIP). To confirm the binding of Oct-1 to the Ig VH4-59 promoter, soluble chromatin from HeLa S3 cells was prepared and incubated with or without polyclonal anti-Oct-1 antibody. The antibody-bound DNA was analyzed by PCR using primers specific for the human Ig VH4-59 promoter sequence containing the octamer motif to produce a 233-bp product. As shown in Figure 5 , anti-Oct-1 antibody was able to immunoprecipitate the Ig VH4-59 promoter region; the region could not be pulled down without the antibody. Collectively, these data confirm that Oct-1 protein binds in vivo to the octamer motif located within the promoter region of the Ig VH gene in the HeLa S3 epithelial cancer cell line.
Oct-1 significantly increases Ig gene transcription and expression. We constructed expression plasmids (2800-bp pGL3 luciferase reporter plasmids) containing Oct-1 or Oct-2 and found that VH4-59 promoter activity was significantly higher with the plasmids containing were transfected into HeLa S3, HT-29, Daudi or Jurkat cells. Luciferase activity was measured using a dual luciferase reporter system. The results are representative of three independent experiments after normalization to renilla luciferase activity (internal controls). N53, *P,0.001. Each bar represents mean6SD.
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Oct-1 than with the plasmids containing Oct-2 in HeLa S3 and HT-29 cells (Figure 6a) . Similarly, overexpression of Oct-1, but not Oct-2, significantly increased IgG expression (Figure 6b ). In addition, we synthesized antisense oligonucleotides for Oct-1 and, using flow cytometry, found that when Oct-1 expression was blocked by antisense oligonucleotide, IgG expression was also reduced in HeLa S3 (Figure 6c ). These results suggested that Oct-1 is the crucial transcriptional factor for Ig gene transcription in non-B cancer cells.
DISCUSSION

Ig gene rearrangement and transcription occur in non-B cancer cells
It was thought that transcription of the Ig gene is silenced in non-B lymphocytes. 1 However, in 1996, we first reported the detection of IgG-like molecules in epithelial cancer cells in breast and colon carcinoma biopsy tissues . 3 We then confirmed that the IgG-like molecules were indeed IgG, and IgG was widely expressed in almost all epithelial carcinomas and epithelial cancer cell lines as well as some normal epithelial cells, neurons, and germ cells from patients without cancer and healthy mice ( 4,6-9 Moreover, to determine the functionally rearranged Ig gene repertoires in primary cancer cells, we evaluated the Ig gene transcripts and repertoires after laser capture microdissection of cells from 10 carcinomas of the colon, breast, oral cavity or lung, and found that the cancer-derived Ig genes had a distinct repertoire. 9 These results have been subsequently confirmed by other groups ( 11 -14,17 In this study, we used a mouse model to investigate the regulatory mechanism of Ig gene transcription in epithelial cancer cells and further confirmed that some genes involved in VDJ recombination and Ig gene transcription (E2A, EBF, Oct-1 and Oct-2, but not Pax5) were also expressed in non-B cancer cells. In addition, a much higher level of Ig VH promoter activity was found in some non-B cancer cell lines. More importantly, we proved that a distinct regulatory mechanism for Ig gene transcription was present in the non-B cancer cells.
Sun and Kitchingman had found that VH6-1 promoter was very active in HeLa cells, but they presumed that VH6-1 promoter activity in cancer cells was non-tissue-specific for two reasons: first, no Ig gene transcripts were detected in HeLa cells; and second, they believed that Ig genes, including the VH6-1 gene, were located in the closed chromatin region lacking DNase I hypersensitive sites and would not be transcribed in HeLa cells. 32 However, our data and those of others showed that functionally rearranged Ig gene transcripts could be detected in cancer cell lines and primary cancer cells, such as breast and colon cancer cells. 9 In this study, we cloned the 59-flanking sequence of VH4-59 containing the conserved octamer element (59-ATGCAAAT-39) and used it as a model to detect the activity of Ig heavy chain promoter. We detected high Ig promoter activity in several cancer cell lines. Furthermore, results from the ChIP assay proved that Oct-1 could bind to the octamer sequences located in the VH4-59 promoter regions in HeLa S3 cells, which indicated that these Ig VH The intact and mutated 59-deletion truncations of 1.2-kb pGL3 were transfected into HeLa S3, HT-29 or Daudi cell lines. Luciferase activity was measured using a dual luciferase reporter system. The results are representative of three independent experiments after normalization to renilla luciferase activity (internal controls). N53, *P,0.001. Each bar represents mean6SD.
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Although Ig VH4-59-driven expression was mainly shown in HeLa S3 and HT-29 cells, but not in other cancer cell lines (including Daudi cells) used in this study (data not shown), the Ig VH4-59 promoter contained the critical motif, termed the octamer element (59-ATGCAAAT-39), for all Ig gene transcription. Therefore, we proposed that the Ig VH4-59 promoter could be driven by a variety of transcription factors expressed in cancer cells, although these transcription factors may preferentially bind and drive other VH family promoters rather than VH4-59 promoter. In this study, we used the Ig VH4-59 promoter as a model to detect the activity of Ig heavy chain promoter. We transiently transfected the firefly luciferase expression vector pGL3-basic with the 59-flanking sequence of Ig VH4-59 as the promoter into several types of cancer cell lines: lung cancer cell line A549; cervical cancer cell lines HeLa, HeLa MR and HeLa S3; hepatocellular carcinoma cell line HepG2; colon cancer cell lines HT-29 and SW480; osteosarcoma cell line U2OS; B-lymphoma cell line Daudi (as positive control); and T-leukemia cell line Jurkat (as negative control). We found that a high level of VH4-59 promoter activity not only showed in two VH4-59 family-expressed cancer cell lines, HT-29 and HeLa S3, but also in these no VH4-59 family-expressed cancer cell lines, HeLa, HeLa MR, U2OS and Daudi cells. Suggest that although the Ig gene expression-related transcription factors in these no VH4-59 familyexpressed cancer cell lines preferentially bind and drive other VH family promoters, but not the VH4-59, in natural state, but in this study, these transcription factors also cross-driven the transiently transfected VH4-59 promoter via binding the critical octamer element. However, no promoter activity was exhibited in A549, HepG2 and SW480 cells, suggesting that the transcription factors that drive Ig gene transcription in these cancer cell lines cannot bind and drive expression from the VH4-59 promoter containing the canonical octamer element. These results imply that although the octamer element is a critical motif for all Ig gene variable region promoters, the unique sequence in each Ig VH promoter is also necessary for transcriptional factors to preferentially select and drive expression from the Ig VH promoter.
A specific regulatory mechanism for Ig gene transcription exists in non-B cancer cells It is well known that the Ig gene promoter is necessary for driving Ig transcription in B lymphocytes and that no other activation element is located within 1 kb of the upstream sequence of the VH gene promoter. It has also been found that all of the functional enhancers for Ig VH gene transcription are located downstream of the gene, between the J H , m region, and the 39-end of the IgH gene. [33] [34] [35] However, in this study, we used a series of 59-truncated reporter constructs and found new enhancer-like activation elements upstream of the VH4-59 promoter region at 2610 to 2800 bp in HeLa S3 and HT-29 cells, but not in Daudi cells. In addition, we found that the octamer element, 59-ATGCAAAT-39, was an absolutely necessary Ig variable region promoter, but we did not find any other activation elements in the 59-flanking region of the Ig variable region promoter in B cells.
In this study, although we confirmed that the octamer element was very important for non-B-cell-derived Ig gene transcription, we found another novel promoter-like element with lower activity at 2610 to 2300 bp in two cancer cell lines (HeLa S3 and HT-29), but not in Daudi cells. These findings suggest that, unlike in B lymphocytes, some unknown cell type-specific transcription factors may exist in cancer cells that can interact with the potential activation elements. However, the mechanism of these novel regulatory elements for Ig gene expression in non-lymphocytic cancer cells remains unclear.
Oct-1 and Oct-2 are POU (pronounced pow) homeodomain proteins that recognize the same octamer motif (ATGCAAAT) that regulates the activity of the Ig gene promoter. Oct-2 is a B lineagerestricted factor that has been shown to control B-lymphocyte-specific 
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expression of genes such as the Ig VH gene. 36 Our results showed that although Oct-2 was also expressed in some non-B cancer cell lines, its expression level was much lower than that of Oct-1. We conclude that the transcription factor Oct-1, but not Oct-2, can preferentially bind to the octamer sequences at the open chromatin region and promote Ig VH gene expression in these non-B cancer cells. Furthermore, it has been shown that the coactivator Bob-1 can interact efficiently with the POU (pronounced pow) domains of Oct-1 and Oct-2 as well as the octamer element and is necessary for Ig promoter activation in B lymphocytes. 24, 26, [33] [34] [35] 37 However, we did not detect Bob-1 expression in HeLa S3 or HT-29 cells (data not shown). Our findings of the overexpression of Oct-1, but not of Oct-2, indicate that Oct-1 has a major role in promoting Ig expression in non-B cancer cells.
Finally, in addition to Oct-1, we confirmed that E2A, which is involved in VDJ recombination, was also expressed in non-B cancer cells. However, another important transcription factor, EBF, which is also involved in VDJ recombination, was found in only a few non-B cancer cell lines. Pax5, a well-known Ig gene expression-related transcription factor that is essential for Ig rearrangement, Ig class switching, and pre-B-cell-receptor signaling, was not found in any of the non-B cancer cells assessed. Our overall findings suggest that a distinct regulatory mechanism for Ig gene transcription is present in nonlymphocytic cancer cells. 
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EXPERIMENTAL PROCEDURES
Cell lines
The following cell lines were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA): human lung cancer cell line A549; human cervical cancer cell lines HeLa, HeLa MR and HeLa S3; human hepatocellular carcinoma cell line HepG2; human colon cancer cell lines HT-29 and SW480; human osteosarcoma cell line U2OS; B-lymphoma cell line Daudi; and T leukemia cell line Jurkat. HeLa S3 and HT-29 were cultured in DMEM (Gibco/Invitrogen, Carlsbad, CA, USA), supplemented with 10% fetal bovine serum (Hyclone/ Fisher Scientific, Pittsburgh, PA, USA), 2 mM glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin. Daudi and Jurkat were cultured in RPMI 1640 medium (Gibco) supplemented as above. All of the cells were maintained in an incubator with 5% CO 2 at 37 uC.
Reverse transcriptase-polymerase chain reaction (RT-PCR)
Total RNA was extracted from cells with the use of TRIzol reagent (Invitrogen) according to the manufacturer's instructions. RT-PCR was performed with the ThermoSCRIPT RT-PCR system (Invitrogen) according to the manufacturer's instructions. We used l mg of total RNA for first-strand cDNA synthesis using oligo (dT) 15 primer. The primer sequences and PCR conditions for the VDJ recombinationassociated transcription factors are shown in Table 1 .
Plasmid construction The 1.2-kb 59-flanking sequence of the VH4-59 gene containing the conserved octamer motif was amplified from HeLa S3 cells by PCR using the forward primer 59-GGGGTACCAGTTGTTCAGGTCCTA-AGAAGAAAGC-39 and the reverse primer 59-TCCCCCGGGTTTCA-TGTTCTTGCACAGGAGGTCCA-39. The PCR products were cloned into the pGEM-T easy vector (Promega, Madison, WI, USA) and sequenced using an ABI PRISM 3100 genetic analyzer (Applied Biosystems, Foster City, CA, USA). The inserts were cut with the restriction enzymes KpnI and SmaI, and were subcloned into the pGL-3 vector (Promega) to construct the 1.2-kb pGL3 luciferase reporter plasmid. The four 59-truncated reporter constructs, 2940-bp pGL3, 2800-bp pGL3, 2610-bp pGL3 and 2300-bp pGL3, were generated from the 1.2-kb pGL3 by PCR amplification. These amplified sequences were also cloned into the pGL3 vector.
Oct-1 and Oct-2 cDNA, kindly provided by Dr W. Herr, were excised from the pCGN-Oct-1 and pCGN-Oct-2 constructs, respectively, using the restriction enzymes XbaI and BamHI, and were subcloned using the same restriction enzymes into pcDNA3.1(2) to generate pcDNA-Oct-1 and pcDNA-Oct-2. 38 To detect the activity of the octamer element, four base pairs in the middle of the octamer motif (ATGCAAAT), located in the promoter region of the VH4-59 gene, were deleted using the QuikChange sitedirected mutagenesis kit (Stratagene/Agilent Technologies, La Jolla, CA, USA), and the truncated 2940bp, 2800bp, 2610bp and 2300bp fragments containing the mutant promoters were inserted into plasmids designated as 940-bp mutant, 800-bp mutant, 610-bp mutant and 300-bp mutant, separately. The sequence of these constructs was confirmed by DNA sequencing.
Transfection and dual luciferase reporter assay
For the transient reporter gene assay, the cells were transfected either with 9 mg of pGL3 luciferase reporter plasmids and 1 mg of renilla luciferase control plasmids (pRL-TK, Promega) or with 4.5 mg of pcDNA3.1(2)-associated plasmids, 4.5 mg of pGL3 luciferase reporter plasmids and 1 mg of pRL-TK.
A 20-ms electrical pulse at 120 V was delivered to A549, HeLa, HeLa MR, HeLa S3 and U2OS cells; 130 V was delivered to HepG2, HT-29 and SW480 cells, and 140 V was delivered to Daudi and Jurkat cells. After standing at room temperature for 10 min, the transfected cells were allowed to recover at 37 uC in DMEM or RPMI-1640 supplemented with 10% fetal bovine serum for approximately 30 h in 24-well culture plates. Firefly and renilla luciferase activities were measured using a dualluciferase reporter assay system (Promega). Luminescence was measured using a Veritas microplate luminometer (Turner Biosystem, Sunnyvale, CA, USA). Relative luciferase activity was calculated by measuring the ratio of firefly to renilla luciferase activities.
EMSA and gel supershift experiment
The complementary oligonucleotides containing the octamer motif located in the VH4-59 promoter region (59-ACAAAGGCACCA-CCCACATGCAAATCCTCACTTAAGCACCC-39 and 59-GGGTG-CTTAAGTGAGGATTTGCATGTGGGTGGTGCCTTTGT-39) were synthesized with 39 overhangs, annealed and end-labeled with DIG (second-generation DIG gel shift kit; Roche Applied Science, Basel, Switzerland). Nuclear extracts were prepared as described previously. 39 The binding reaction system was prepared as described in the Roche second-generation DIG gel shift kit. The reaction system was mixed on ice and incubated at 4 uC for 10 min and was then allowed to stand at room temperature for 15 min. For DNA competition experiments, a 125-fold molar excess of unlabeled oligonucleotide was added and was incubated with nuclear extracts and a labeled probe. For supershift experiments, 1 ml of polyclonal anti-Oct-1 or anti-Oct-2 antibody (Santa Cruz Biotechnology, Santa Cruz, CA, Abbreviations: EBF, early B-cell factor; F, forward; Oct-1, octamer-related protein-1; Oct-2, octamer-related protein-2; Pax5, paired box 5; PCR, polymerase chain reaction; R, reverse. * Touch down PCR was performed. The amplifying cycles at each temperature are shown in parentheses.
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USA) was added to the completed binding reaction at room temperature for 20 min before the DNA probe was added. Electrophoresis was performed with 5% native polyacrylamide gel using 0.53 TBE buffer. After electrophoresis, the gel was transferred to a nylon membrane (Pharmacia/GE Healthcare, Piscataway, NJ, USA), and the DNAprotein complex on the membrane was detected by an enhanced chemifluorescence detection system (Amersham Bioscience/GE Healthcare, Piscataway, NJ, USA).
Chromatin immunoprecipitation
To determine whether Oct-1 binds to or is localized to the octamer motif in the promoter region of VH4-59 in HeLa S3 cells, a ChIP assay was performed. Approximately 1310 7 cells were harvested and fixed in 1% formaldehyde at room temperature for 30 min. The cross-linking reaction was stopped by adding glycine to a final concentration of 0.125 M at room temperature for 5 min. The cultures were incubated with gentle agitation at room temperature for 20 min and then at 4 uC overnight. Cells were collected by centrifugation, washed twice with ice-cold Phosphate Buffered Saline, and resuspended in cell lysis buffer (50 mM HEPES-KOH, pH 7.5; 140 mM NaCl; 1 mM EDTA; 1% Triton X-100; 10% glycerol; 0.5% NP-40; freshly added protease inhibitor), and incubated on ice for 10 min. After centrifuging at 4000 r.p.m. at 4 uC for 10 min, the nuclei in the pellet were resuspended in nuclear lysis buffer (200 mM NaCl; 1 mM EDTA; 0.5 mM EGTA; 10 mM Tris, pH, 8.0; freshly added protease inhibitor) on ice for 10 min, disrupted by sonication and centrifuged at 15 000 r.p.m. The supernatant was then sonicated to shear the DNA to an average size of 0.3-1.0 kb. Each sample was pre-cleared by incubating with 20 ml of pre-blocked and pre-washed protein G beads (50% slurry) at 4 uC for 2-4 h. The pre-cleared samples were incubated with 1.5 mg of anti-Oct-1 at 4 uC overnight followed by incubation with 20 ml of pre-blocked protein G beads (50% slurry) at 4 uC for 1-2 h. The complex was washed with washing buffer (50 mM HEPES, pH 7.5; 140 mM NaCl; 1 M EDTA; 1% Triton X-100; 0.1% DOC; freshly added protease inhibitor) five times and was resuspended in 100 ml of TE buffer. Proteinase K (200 mg/ml) and SDS (0.5%) were added to both the bound and the input DNA samples, and samples were incubated at 65 uC overnight to reverse crosslinking. Immune complexes were precipitated, the DNA was purified, and a 2 ml aliquot was used for each PCR reaction using primer sequences that amplify a 220-bp DNA fragment that contains the octamer motif located at the IgH promoter of VH4-59 (forward, 59-AGACCCCAAGAAGA-CAACTG-39; reverse, 59-TGCACAGGAGGTCCAGGAC-39). PCR products were separated by 1.0% agarose gel electrophoresis and visualized by ethidium bromide staining.
Transfection of plasmids containing Oct-1 or Oct-2 or antisense oligonucleotides for Oct-1 and analysis of IgG expression by flow cytometry Plasmids containing Oct-1, Oct-2, antisense oligodeoxynucleotides for Oct-1 ASODN (59-AACAATCCGTCAGAA-39) or random oligodeoxynucleotides (ODN) (59-TTGTTAG GCAGTCTT-39) were introduced into HeLa S3 cells by electroporation (10 mg for plasmids; 10 mM for oligonucleotides). The cells were harvested 30 h after electroporation and fixed in 70% ethanol at 4 uC for 24 h. The cells were then washed and blocked with 2% fetal bovine serum at room temperature for 30 min, incubated with rabbit antihuman IgG-FITC or anti-human IgG-PE (Sigma, St. Louis, MO, USA) at 4 uC for 30 min, washed with phosphate-buffered saline, and analyzed for IgG expression by flow cytometry (Becton Dickinson, Franklin Lakes, NJ, USA).
Statistical analysis
All results are expressed as mean6s.e.m. Differences between multiple experimental groups were detected using single-factor analysis of variance. P,0.05 was considered to be statistically significant. All data were obtained at least in duplicate from at least three separate experiments.
